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PORCINE ISLETS CULTDBED WITHPORCBOT SilRTO CELLS FOR 
XENOTRANSPLANTATION 

TECHNICAL FIELD 

The invention relates to the use of porcine pancreatic islet cells for the treatment of diabetes. 
More particularly but not exclusively it relates to the use of porcine pancreatic islet cells with 
S associated Sertoli cells for the treatment of diabetes by xenotransplantation. 

BACKGROUND 

Background and Rationale for Porcine Islet Cdl XenotranspIantatioiL 

Type 1 (insulin-dependent) diabetes melHtus is a common endocrine disorder that results in 
substantial morbidity and mortality, and has a major financial inq>act on individual patients and 

10 healthcare systems. Treatment ^fh insulin, while life-saving, often does not provide sufiSdent 
control of blood glucose to prevent the fife-shcnlening con^plications of the disease, and this has 
givCT rise to intensive research into better methods of achieving and sustaining 
normoglycaemia. Among the newer treatment strategies that have been proposed, 
transplantation of pancreatic p islet cells, obtained either from other humans or animals, has 

15 received the most attention worldwide. This is because islet cell transplantation can restore not ^ 
only the insulin-secreting unit, but also the precise fine-tuning of insulin release in response to 171 
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multiple neural and humoral signals arising within and beyond the islets of Langeihans. 



Ab human islet cell transplantation (allotransplantation) is linaited by the shortage of human 



The rationale for this treatment approach (termed ^xenotransplantation') is that the implanted 
porcme islets have the potential to mimic the normal physiological insulin response in type 1 
diabetics, such that near-normal blood glucose levels may be achievable without insulin or with 
a reduced requirement for it. As a consequence, long-term diabetes complications nmy be 
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20 islet tissue, the use of pig islet cells is currently viewed as the most promising alternative since: q 

(a) pig and human insulin have close structural and biological similarities; FTI 

(b) physiological glucose levels in pigs are similar to those in humans; and O 

(c) the supply of pig cells can be readily expanded by optimising the supply of donor "j) 
animals. 
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prevented and patients should expmesice less hypoglyoaemia than ttiey do with &e currently 
recommended %tensive* insulin regimens. 



Barriers to the Introduction of Porcine Islet Cell Xenotransplantation and Measures 
Adopted to Address Them 

Any new treatment strategy is burdened with problems and pit&lls before it can be 
inqilemented, and xmotransplantation of porcine islet cells is no exception. There have been a 
number of scientific and efhical/political bardefs to implementation of the procedure, but as 
knowledge in tiie field has grown, these barriers have steadily receded. The problems that have 
arisen include: 

1. IBLgecdon of islet ceUs by the recipient's immune system: the vuhierability of the 
transplanted islets to &6 recipimt's immune system has been a- major scientific barrier to 
successfid islet cell transplantation. Strategies employed to address the problem include: 

a) Concurrent administration of immunosuppressive drugs - which, though successfidly 
utilised m some xeowt allotranisfplantation studies, has the dual disadvantage of 
produdng adverse effects on botii the transplanted islets (i.e. impahing fbst 
ografim^ and fimction and reducing fhdr insulin secretory responses) and the 
rec^ient (i.e. e^qiosmg patients to the risks of a miety of serious complications, 
including nephrotoxicity, neurotoxicity, hypertension, mcreased suscq)tibility to 
infection and osteoporosis). Moreover, this qyproach is not always effective in alt^g 
the course and incidence of rq'ection episodes. 

b) Development of novel, non-drug Hmmunoprotection' strategies to shield the transplanted 
islets fix>m the recipient's immune system and thus prevent local inflammatory responses 
and chronic rejection^ while still allowing ttiem to function by secreting insulin and 
controlling glucose metabolism in the body. Among tiie various Hmmtmoprotection' 
strategies that have been investigated are: 
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• Tabular diffiision chambers and perfusion devices (artificial pancreases). As yet 
there is little evidence lhat ibis ^proach is clinically usefiiL 

• Encapsulation of the transplanted islets in alginate microcapsules. This approach, 
which we have previously shown in experimental studies to confer significantly 
longer functional durations on transplanted islets in comparison with 
unenc^sulated islets, has been extensively investigated in experimental models of 
diabetes. Reversal of the diabetic state wifli xenotcansplants of alginate- 
encq)sulated porcine islets has been accon:q>lished iii CDl mice rendered diabetic 
by streptozotocin, NOD (non-obese diabdic) mice. New Zealand vidute rabbits 
rmdered diabetic by alloxan, and a spontaneously diabetic dog. In addition, a 
preliminary clinical study wiflx algmate-enci^sulated poidne islets undertaken in 
two type 1 diabetic patients has provided encouraging results^ with both patients 
exhibiting reduced insulin requiremrats. Continued functioning of the islets was 
still evident in both individuals at 14 months afier transplantation witii no evidence 
of adverse effects or any evidence of pordne retrovural infection. 

• Ciotransplantation of islets with Sartoli cells isolated fiom the testes of male donor 
animals. This approach has been shown to protect islets against immune-mediated 
rejection and enhance then: functional performance and longevity. 

2. Possible transmission of infecHous diseasesi this potential concern centres around tiie risk 
of transmission of porcme diseases to the recipient, and the risk of introducmg micro- 
organisms during cell processing. 

3. Ethical issues concerning xenotransplantation: these include concerns over the ethical 
accq)tability of using animal tissues for transplantation, the welfere of donor animals, 
obtaining informed consent from patients selected for clmical trials, and the impact of the 
procedure on them. These issues have been addressed by bodies such as the Nuffield 
Council on Bioethics in the UK and a number of recommendations to protect the ethical 
integrity of future human research have been made. These include the "ethical 
acceptability of usmg porcine tissues for xenotransplantation; the need to avoid or 
minimise hami to donor animals; the requirement to provide patients with a detailed 
explanation of the likely success, attendant risks, and the subsequent quality-of-life that can 
be expected whm obtaining tiieir informed consent; and informing patimts that their 
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consent to the procedure includes consent to ongoing post-transplant microbiological 
monitoring. 

OBJECT OF THE INVENTION 

5 It is an object of the inv^on to provide a method of treatment of diabetes, and/or a means to 
aid treatment of diabetes which has improvemmts to, or provides an altonative fiom, the 
abovementioned methpds and/or means. 

STATEMENTS OF THE INVENTION 

10 According to a first aspect of the mvention (here is provided a method of preparing 
AgSr^Ates of pordne pancreatic islets and porchie Sertoli cells capable upon m^lantation 
mto a rec^ient, of produdng insulin in vivo, including or conqxrising the steps of: 

1) isolation of porcine islet cells from the pancreas of donor piglets, 

2) isdlatLon of porcine Sertoli cells from Ihe testes of donor piglets, 
IS 3) culturing the islet cells togedier with the Sertoli cells, 

4) formation of ihe aggregates. 

Preferably die combination is in a predetermining ratio jBxnn 1:20,000 (islet:SertoIi cells) to 
1:100; more preferably the ratio is between 1:2,000 to 1:4,000. 

20 

Preferably the culturing step is over a time period between 3 to 7 days more preferably it is for 
5 days. 

Preferably the isolation of the islets is followed by purification of the islets. 

25 

Preferably the isolation and purification of the islets together con^rise or include the steps of: 

a) surgical removal, 

b) coUagenase digestion, 

c) washing and culturing of the islets. 
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Preferably the digestion involves liberase H and Xylocaine. 

PrefCTably flie isolation of flie Sertoli cells is followed by purification of the Sertoli cells. 

Prefoably the isolation and purification of the Sertoli cells together conqmse or include tiie 
sbeps of: 

a) surgical removal, 

b) digestion with trypsin, Dnase, 

c) washing and culturing of the cells. 

Prejferably the method includes flie step 

5) virological and miCTobiological testing and/or monitoring of the aggregates and/or 
eomponents thereof 

Pref^bly or alternatively the method includes a prest^ (befi>r6 step 1)) of vimlogical 
monitoring and/or testing of one or preferably both of the islets and Sertoli cells. 

Preferably the method includes additionally or alternatively apr&-step of virological monitoring 
and/or testing of the piglet donors. 

Preferabty tixe islets and Sertoli cells derive fiom the same hen), more preferably fiom the same 
donor piglet 

Preferably the pigjets are one weel; old donors. 

Preferably the piglets are monitored and/or tested for mfectious agents. 
Prefi^ly the pig herd is a New Zealand pig herd. 

Preferably the step of tiie formation of the aggregates involves: the preservations of the original 
characteristics and/or native structure of the islets. 

According to a further aspect of the invention there is provided an aggregate of porcine islets 
with Sertoli cells prepared substantially according to the above method. 
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Accoiding to a third aspect of the invention there is provided a method of treating a patioit 
suffering from diabetes melUtns con^rising or including the steps of: 

1) preparing one or more aggregates of porcine islets with Sertoli cells prq)ared substantially 
according to the above method,. 

2) implanting or otherwise administering one or more aggregate to die patient. 

Preferably the step of implanting or administering the aggregate may be by: 

- encapsulation of the aggregate in a suitable biocompatible material (more preferably a 
suitable alginate), 

- confinement into a suitable device (more preferably a vascularized tube for example) 

- matrix pr^arations including preparation of gelatin, collagen, and natural caibobydrate 
polymers. 

- plasma tiuombin clot —autologous plasma clots produced with allogeneic thrombin. 

According to a fiulher aspect of the invention there is provided a device for implantation into 
a recipient su£Eering from diabetes mellitus, the device incoiporatmg aggregates of porcine 
panaeatic islets and pordne Sertoli cells, the aggregates being, or possessing Ifae 
characteristics o^ the aggregates previously d^cnbed. 

Preferably the device incorporating the aggregates may be one oft 

- a suitable biocompatible material as a cspsule (more preferably of a suitable alginate); 

- a vascularized tube; 

- a matrix preparation including preparation of gelatin, collagen, and natural carbohydrate 
polymers. 

«- a plasma thrombin clot - autologous plasma clots produced with allogeneic thrombin. 

According to a further aspect of the invention there is provided a method of preparing 
^^gregiites of porcine pancreatic islets and porcine Sertoli cells prepared substantially 
according to Figure 1. 
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AccoidiBg to a further aspect of the mveotioii there is provided an aggregate of porcine 
pancreatic islets and porcine Sertoli cells substantially as described hetein and with reference 
to any one or more of Figures 2 to S. 

DESCRIPTION OF THE FIGURES 

Figure 1 illustrates a flow diagram of the preferred method of aggregate preparation 
according to flie invention; 

Figures 2-5 illustrate islet-sertoli cell aggregates of die invention. 
DETAILED DESCRIPTION: 

The mvention disclosed h^em relates to the preparation and use of an ""aggregate" of Sertoli 
cells with porcine islets. 

Prior 2x1 methods involving ttie use of S^li cells and islets (or other cells) have graerally 
involved processing and isolation of each sq>arately and putting together at the time of flie 
transplant. 

We have found that preparation of an aggregate, in a predetermining ratio of Sertoli to islet 
cells, and co-culturing allows the islets time to grow and to use the growth factors deemed fiom 
the Sertoli cells m vitro before the transplant We have found the islets function better as th^ 
are protected by the layer of SertoU cells. 

Ideally both the islets and Sertolis are derived &om the same donors. This simplifies viral 
screening. 

By ''aggregate" as used herein we epedfically mean a discontinuous layer of Sertoli cells over 
tte sur&ce of the natural islet structure. 
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. Rationale for Cotransplantatioii of Sertoli Cells with Islets 

CotianspiantatiQn of islet cells with Sertoli cells isolated from the testes of donor animals has 
been investigated as a means of achieving: 

(a) protection against immune rejection; and 
5 (b) stimulation of tiiie mitotic rate of islet cells such that ttiey release higher amounts of 

insulin in response to glucose stimulation and survive longer. 

Sertoli cells are known to play a critical role in various physiological activities such as the 
synthesis of certain growth &ctors [e.g. insulin-like growth factors 1 and 2 (IGF-1, IGF-2) and 
10 qpidennal growth factor (EGF)], immunomodulation [possibly as a result of ino^eased secretion 
of transforming growth fector-beta 1 (TGF-pi)], and an anti-^optotic (cell death inhibitory) 
function. 

Our recent studies in experimratal animal models have shown that the preseoce of Sertoli cells 
in^roves the in vUro fimctional coznpetence of isl^, and that xenotransplantation of islet- 
15 sotoli cell aggregates in diabetic rats, rabbits and NOD mice prolongs islet cell sundval,* 
leading to reversal of the diabetic state. The precise mechanism by which Sertoli cells protect 
islet cell grafis against immune rejection is not precisely known, but q>pears to be related to 
stimuiation of the production of growth and differentiation ftctors by Sertoli cells. 

20 Thus, our invention deals with cotransplantation of S^oli cells with islets as aggregated such 
that ttie Sertoli cells can act as '^nursing*' cell systems for the islets, providing botii &fBxA&A 
immunoprotection and enhancement of their fimctional performance and longevity. 

This approach is complementary to, and synergistic wifli, other approaches for providii^ 
25 immunoprotection and functional longevity for transplanted islet cells. 

In particular our mvmtion deals witti the use of islet-sertoli cell aggregates in: 

■ Alginate^capstUatedform - to pmvide additional immune protection of the transplanted 
30 islets. The feasibility of cO"micro6ncq)sulatmg Sertoli cells with islets isolated fiom rats 
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has been demonstrated in our studies. We have, in our laboratories investigated the 
efiQciency and safety of intraperitoneal transplants of alginate enc^solated Sertoli-islet cell 
aggregates in experimental animals. 

■ Subcutaneous implant devices that allow the development of a prevasculaiised autologous 
coUagm reservoir for the placement of the islet-seitoli cell aggregates. This approach is 
already being dealt witii clinically in patients with type 1 diabetes mellitus. . 

■ Matrix pnparaHons - in ^ch iidet-sertoli cell aggregates are cultured on gelatm, 
collagen and/or other matrices supplemrated with natural carbohydrate pdlymers. Studies 
with this approach are cuitratly being undertaken in animals wilh transplants of islet-sertoH 
cell aggregates widi islet-sertoli cell ratios between liZflOO and 1 :4,000. 

■ Plasma Thromhtn Clot - Autologous plasma clots produced with allogeneic thrombin as a 
biocon^>atible containment device. 

We have detennined, the islet cell: Sertoli cell ratio that provides optimal protection of the 
islets against immune rejection and maximal fimctional longevity may range fiiom 1:20,000 
ratio to provide maximal insulin release down to at least 1:2,000. The range is based on the 
findings of ejqjerimental studies with islet-Satoli cell aggregates <xmducted in our laboratory, 
and in collaboration with the University of Perugia and National University of Smg^ore* 

Preparation of our preferred Met^-Sertoli Cell Aggregates, in the Ratio of 1:2,000 - 
1:4,000 

The pig herd fiom which porcine islets and Sertoli cells for incorporation in our islet-s^li cell 
aggregates are obtamed conq)rises specific pafhog^-fi:ee (SPF) NZ Large White pigs raised 
und^ strict biosecurity. Possible sources of zoonotic infections are monitored in the herd, the 
sows (me month before farrowing, the donor piglets, and the tissue used. New Zealand is fi:ee 
fix>m prion-mediated disease and many of the vhal infections found m herds elsewhere m the 
world. 
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It would be wvisaged by those skilled in the art that other suitable pig herds may be used if 
bred und^ suitable conditioiis, elsewhere in the world. 

The islet cells are isolated &om fixe panareases of 7-day-old piglets via a major modification of 
5 the standard (Ricordi*s) coUagenase digestion procedure. All surgical procedures and cell 
processmg are carried out with strict aseptic precautions. Following their isolation and 
purification, the islets are placed into culture tissue in RPMI medium enriched with 2% human 
serum albumin and 10 mmol/L nicotinamide. Culture at ST^C in an air/S% CO2 mixture with 
firequent dianges of medium is then performed for 48 hours. 

10 

Sertoli cells are isolated firom testicular cells of male 7-day-old piglets using a standard 
(Hajotte's) isolation method with modifications to ensure maximal cell yield. Following a 
number of quality control tests of both the islets and Sertoli cells (to ^isure their optimal purity, 
viability , and fiieedom &om microbiological contamination; see fiuther below), both the Sertoli 
15 cells and islets are counted and the latter adjusted to islets equivalents (JEQs) of 150^m in 
diameter. The SertoK cells are then conibined with the islets in a ratio of 1:2,000 ~ 1:4,000, 
cultured for 24 hours, and scrq)ed to form aggregates. Following a further 24 hours in culture, 
the islet-Sertoli cell aggregates are flien tested for viability and insulin seoretory capacity before 
' being released for tcasisplantation. 

20 

The production process for our islet-Sertoli aggregates preferably includes rigorous infection 
surveillance procedures comprising virological monitoring (see fiirther below), screening for 
bacterial, fiingal and mycoplasmal organisms, and bacterial endotoxin testing (LAL test). The 
presence of either microbiological contamination or a failure of the cells to meet any of the 
25 rigid quality control criteria set by the Applicant will lead to the particular cell batch being 
discarded. 

AGGREGATE PREPARATION 

Figure 1 illustrates a flow diagram of tiie preferred preparation method, and Figures 2 -5 
30 illustrate aggregates prepared by this method. Specifically Figure 2 ilhistrates aggregates of 3 
days, m culture (no staming, xlO); Figure 3 illustrates aggregates of 3 days, m culture (no 



wo 2004/113516 PCT/NZ2003/000130 

-11- 

Staining, x20); Figure 4 illustrates aggregstes of 6 days, in culture (DTZ staining; purity >85%, 
lOx) and Figure 5 illustrates aggregates of 6 days, in culture (AOyPI staining, viability >95%, 
lOx). 

1) Sertoli Cells: 

a) IhtroducttonQf Sertoli Cells 

• the testes are removed under sterile conditions fix>ni the donor, 

• the glands are minced into small pieces (qpprox. 1mm each) 

• me minced tissue is washed twice with HBSS by sedimentation to eliminate red 
cells 

b) First digestion of Sertoli Celb 

• the minced tissue is placed in 40 ml of digestion solution 

• Hanks with Caldum and Magnesium is added with HuinanSen^ 
liberase H azid Lignocaine 

• the bottle is hdd in a water baa at 37 18-20 minutes at 120 ipm 

the tissue is wadied 3 tones with Hanks and centii&ged at 4°C for 10 im 
ISOOipm. 

c) Second digestion 

• 'DTpsin and Dnase are added 

• mcubation at 3TCy 12Qipm until a white aggregate is produced 

• the white aggregate is removed 

• the cells are seeded mto petri dishes. 

2) Pancreatic Islet Cells: 

Are prq>ared according to our previously published method in WO 01/52871 (the contoits of 
which are mcoiporated herein by reference). 
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3) Sertoli /Islet Aggregates: 

• After Iday in culture fhe plates are washed aad flie islets (10,000 IBQ) added per plate. 
Ratio 1 islet:2,000 Sertoli cells. 

• Culture for 24 hours, 

• the cells are scraped and overlaid on the islets to form aggregates, then left for 24 hours in 
culture. 

• After this time the islet/ S^oli aggregates are ready for transplant or for encapsulation. 

• Staining with Trypan blue, Sudani!! and Inhibin for Sertoli cell viability and count 

Virologieal Monitoring 

As indicated above, testing of the transplant material for the presence of PERV (porcine 
endogenous i^virus), using a hi^y specific and hi^y sensitive assay developed for this 
purpose, is preferably an integral part, of our islet-^ertoH cell aggregate production process. Id 
addition to PERV, attenti(»i is also directed towards otha: potentially infbctious pathogens tiiat 
can cause zoonoses and xenoses, including porcine cytomegalovirus (PCMV), pordne 
.drcovirus (PCV), pordne lyn^hotropic heipesvirus (PLEIV), eQcq>halomyocarditis virus 
(EMCV), and porcine hepatitis E virus. Preferably sudi a multi-level virologieal screening 
strategy undertaken by us as part of our process includes: 

• Routine monitoring of the hsxd for the presence of the above viruses. 

• Routuie testing of the donor age groiq> (l<-week-old neonates) fin: Ihe presence of viruses. 

• Routine testing of the islet and Sertoli cells Ibat are to be used fi>r xenotransfplantation. 

Preclinical Studies with Islet-Sertoli Cell Aggregates 

In a study conducted at Diatranz*s laboratories, the efficacy and safety of transplants of 
alginate-enc£q)sulated islet-^ertoli cell aggregates (ratio 1:4000) and algmate-encsqpsulated islets 
without Sertoli cells were compared in New Zlealand white rabbits with experimentally-induced 
diabetes (S animals per group). 
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Both gxAxps received islet cell doses of 10,000 TBQ/kg via intraperitoneal injection. The weekly 
average blood glucose level declined in both groups over a follow-up period of 5 weeks post- 
transplantation, and two rabbits in each ffo\xp were considered to have responded successfully 
to the transplants. At subsequent postmortem examinatioiis, no abnormal histological findings 
were found in abdominal organs of recipient animals in either group. 

Sunilar results were achieved in a study of NOD (nonobese diabetic) mice that received 
intrq)eritoneal transplants of alginate-emcapsulated islets in a dose of 10,000 lEQ/kg with or 
without Sertoli cells. Two of 5 mice that received islet- Sertoli cell aggregates (ratio 1:4000) 
and 2 of 6 that received islets alone had a partial response, with one animal in each group 
esdubitUQtg a normal blood glucose level for up to 5 weeks. 

Alfliougji the ratio of 1:4,000 has been used in these studies it will be clear to fliose skilled in 
the art that oth^ ratios may be used without departmg fiom th& scope of the mvendon. 

Clinical Studies with IsIet-SertoU CeU Aggregates 

We have conducted a number of clinical mvestigations fcr our islet-Sertofi cell aggregates. In 
an experimmt islet-Sertoli cell aggregates w^ transplanted into 12 adolescent type 1 diabetics 
via the use of subcutaneous stainless steel hnplant devices that create (on suxgical remo>^ of 
the Teflon® rocQ vascularised collagen reservoirs in which the introduced cells are mechanically 
protected by a steel mesh tube. Initially, two such vascularised collagen reservoirs were created 
on flie iq>per abdominal vrall of each patient, followed by a further two, six months later. Each 
patient received islet-Sertoli cell aggregates (in ratios varying firom 1:30 to 1:100) 
corresponding to a dose of 250,000 islet equivalents (EBQs) injected into each reservoir, and 
fliis dose was repeated in each of the second two reservohs after 6 monflis. 

Five of the 12 patients responded fkvourably to this treatment. After a lag period of 
approximately 8 weeks, tilie insulin requireanents of the 5 patients began to declme and usually 
fell further after the second transplant Reductions in ttie average daily msulm dose of more 
than 50% were achieved after 12 months, and one patient required no insulin after this time. 
Improvements in mean daily blood glucose levels and in glycosylated haemoglobin (HbAic) 
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were also recorded No evidence of adverse effects were detected in any of die 12 patients^ and 
PERV monitoring tests remained negative afier 12 months. 
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